We present an analysis of the optical spectra available in the Sloan Digital Sky survey data release nine (SDSS DR9) for the blazars listed in the ROMA-BZCAT and for the γ-ray blazar candidates selected according to their IR colors. First, we adopt a statistical approach based on MonteCarlo simulations to find the optical counterparts of the blazarslisted in the ROMA-BZCAT catalog. Then we crossmatched the SDSS spectroscopic catalog with our selected samples of blazars and γ-ray blazar candidates searching for those with optical spectra available to classify our blazar-like sources and, whenever possible, to confirm their redshifts. Our main objectives are determining the classification of uncertain blazars listed in the ROMA-BZCAT and discovering new gamma-ray blazars. For the ROMA-BZCAT sources we investigated a sample of 84 blazars confirming the classification for 20 of them and obtaining 18 new redshift estimates. For the γ-ray blazars, indicated as potential counterparts of unassociated Fermi sources or with uncertain nature, we established the blazar-like nature of 8 out the 27 sources analyzed and confirmed 14 classifications.
.
As recently discovered using the WISE all-sky survey (Wright et al. 2010) , blazars show by peculiar infrared (IR) colors (Massaro et al. 2011b ) mostly due to their non-thermal continuum that allowed to distinguish them from other classes of active galaxies (e.g., D 'Abrusco et al. 2012; Massaro et al. 2012a ). This IR property was also interpreted as due to the lack of observational signatures form a dusty torus in the case of BZBs (e.g., Plotkin et al. 2012) .
The variable, non-thermal emission of both BZBs and BZQs, extending from radio up to TeV energies, is interpreted as arising from high-energy particles accelerated in a relativistic jet oriented along to the line of sight, whereas relativistic effects amplifies both their luminosity and the amplitude of their variability (Blandford & Rees 1978; Giommi et al. 2013) .
Recently, we searched for blazar-like objects as potential counterparts of the unidentified γ-ray sources (UGSs) observed with Fermi (Abdo et al. 2010a; Nolan et al. 2012 ) with several methods based on the IR colors alone (Massaro et al. 2012b; D'Abrusco et al. 2013) or combined with other multifrequency observations, as radio (Massaro et al. 2013d) or X-ray properties (Paggi et al. 2013) . We also explored the use of low radio frequency observations (i.e., below ∼1 GHz) as an alternative possibility to find blazar-like counterparts (e.g., Massaro et al. 2013a; Nori et al. 2013) for the UGSs listed in the second Fermi-Large Area Telescope (LAT) catalog (2FGL, Nolan et al. 2012) in addition to other multifrequency analysis (e.g., Mirabal & Halpern 2009; Ackermann et al. 2012; Cowperthwaite et al. 2013; Masetti et al. 2013) . All these investigations provided several lists of gamma-ray blazar candidates that has to be confirmed and classified via optical spectroscopy.
Here we investigate the optical spectra of two blazar samples that lie in the footprint of the spectroscopic catalog of Sloan Digital Sky Survey data release 9 (SDSS DR9, Ahn et al. 2012 ).
The first sample includes all the ROMA-BZCAT sources that have an uncertain classification, uncertain redshift estimates or have been classified as BL Lac candidates due to the lack of an optical spectrum in literature (Massaro et al. 2011a ). The second sample lists all the γ-ray blazar candidates, that were identified as potential counterparts of UGSs in our previous analyses, and for which SDSS spectra are now available. This study is complementary to on going spectroscopic campaigns planned to investigate blazar optical properties (e.g., Sbarufatti et al. 2005; Sbarufatti et al. 2009; Plotkin et al. 2010; Paggi et al. 2014) .
The paper is organized as follows. In Section 2 we present the statistical approach adopted to determine the optical counterparts of the ROMA-BZCAT sources in the SDSS DR9 catalog while in Section 3 we describe the samples considered in our analysis. In Section 4 the results of the spectroscopic analysis are illustrated while, finally, Section 5 is devoted to our summary and conclusions. For our numerical results, we use cgs units unless stated otherwise.
SPATIAL ASSOCIATIONS
The ROMA-BZCAT was mainly compiled on the basis of radio, optical and X-ray surveys and the blazar coordinates reported are not uniform. The positional accuracy is generally less than <1
′′ but it could reach ∼ 5 ′′ , corresponding to the typical uncertainty on the radio positions of the NVSS, for those sources with radio flux densities close to the survey limit (Condon et al. 1998) . Since the positional uncertainties for each source are not reported in the ROMA-BZCAT to identify the SDSS optical counterparts of the ROMA-BZCAT blazars we adopted the following a statistical approach.
First we computed the total number of ROMA-BZCAT blazars that lie within the footprint of the SDSS, corresponding to 1820 sources. For each blazar, we counted the total number of optical counterparts in the SDSS N (R) present within circular regions of variable radius R in the range between 0 ′′ and 10 ′′ . To be conservative in our analysis, we only included in the N (R) calculation SDSS sources having the flags: CLASS OBJECT (i.e., mode) and CODE MISC (i.e., clean) both equal to 1 6 . We then created 100 mock realizations of the ROMA-BZCAT by shifting each blazar position in a random direction of the sky by a fixed length of 30 ′′ . The shift used to create the mock ROMA-BZCAT catalogs were chosen not too distant from the original ROMA-BZCAT location and within the SDSS footprint. This guarantees to obtain fake catalogs with a sky distribution similar to the original ROMA-BZCAT and to crossmatch each fake catalog and the SDSS taking into account the local density distribution of the optical sources. The total number of blazars in each mock realization is also preserved being equal to that of the ROMA-BZCAT sources that lie in the SDSS footprint. For each mock realization of the ROMA-BZCAT we counted the number of associations with the SDSS occurring at angular separations R smaller than 10 ′′ . Then we computed the mean num-6 http://cas.sdss.org/dr7/sp/help/browser/browser.asp?n=PhotoObj&t=U ber λ(R) of these fake associations, averaged over the 100 mock ROMA-BZCAT catalogs, verifying that λ(R) has a Poissonian distribution. Increasing the radius by ∆ R =0
′′ .2, we also calculated the difference ∆ λ(R) as:
In Figure 1 we show the comparison between ∆ N (R) and ∆ λ(R). For radii larger than R A =1 ′′ .8 the ∆ λ(R) curve superimposes that of ∆ N (R) indicating that ROMA-BZCAT-SDSS cross-matches could occur by chance at angular separations larger than R A . Thus we choose 1 ′′ .8 as to the maximum angular separation between the ROMA-BZCAT and the SDSS position at which we consider the optical source a reliable counterpart of the blazar in the ROMA-BZCAT.
Finally the chance probability of spurious associations p(R A ) was calculated as the ratio between the number of real associations N (R A ) and the average of those found in the mock realizations of the ROMA-BZCAT λ(R A ), corresponding to a value of ∼1% (see also Maselli et al. 2010; Massaro et al. 2011b; D'Abrusco et al. 2013 , for additional details on p(R A )).
SAMPLE SELECTION
We adopted the value of R A of 1 ′′ .8 to search for the optical counterparts of the blazar-like sources in our two samples within the available spectra of the SDSS DR9 to confirm the source nature and whenever possible to estimate the redshift. Then we analyzed two samples of sources that lie in the footprint of the SDSS dr9 and with optical spectra available defined in the following.
1. The total number of ROMA-BZCAT sources having a optical counterpart in the SDSS DR9 spectroscopic catalog within R A is 219. Among them there are 50 blazars with an uncertain redshift estimate and additional 34 sources classified as BL Lac candidates for which optical spectra were not available in literature while ROMA-BZCAT v4.1 was prepared. These 84 ROMA-BZCAT sources, with a unique correspondence in the SDSS DR9 spectroscopic catalog within 1 ′′ .8, constitute our first sample investigated.
2. The second sample lists 15 blazar-like sources with uncertain classification and/or uncertain z estimates included in the 2FGL (Nolan et al. 2012) and in the Second Fermi-LAT AGN Catalog (2LAC Ackermann et al. 2011 ) plus additional 12 sources identified as potential counterparts of UGSs according to their peculiar IR colors in our recent analyses (e.g., Massaro et al. 2012a; Massaro et al. 2012b; Massaro et al. 2013c ). All these 27 sources also have a unique correspondence in the SDSS DR9 spectroscopic catalog within 1 ′′ .8.
RESULTS
We visually inspected all the optical spectra available for the sources in our samples to avoid misleading classifications due to artifacts of the SDSS automatic analysis, and if necessary, for example to confirm a redshift estimate, we downloaded and analyzed the raw data.
We remark that for the BZB classification we adopted the criterion described in Laurent-Muehleisen et al. (1999) , measuring the rest-frame equivalent widths of the emission and/or absorption lines whenever they are detectable above the continuum (see also the recent analyses performed by Sbarufatti et al. 2006; Landoni et al. 2013 ). In addition, we also adopted the criterion developed by Massaro et al. (2013c) to classify BL Lac object based on the SDSS (u-r) color, that supersedes the one based on the Ca H&K break contrast originally introduced by Stoke et al. (1991) . Thus, for each source, we computed the absorption corrected (ur) color equal to (u − r) obs − 0.81 * A r , where A r is the Galactic extinction in the R band, and we considered BL Lac objects only those sources with (u−r) < 1.4 (see also Maselli et al. 2013 ). We assign a BZB classification only to sources having both a "featureless" spectra and the (u − r) color lower than 1.4.
ROMA-BZCAT blazars
In the first sample of 84 ROMA-BZCAT blazars with SDSS DR9 spectra, we found that there are 3 BZQs, all associated to Fermi sources in the 2FGL and in the 2LAC (Nolan et al. 2012; Ackermann et al. 2011) , with an uncertain z estimate. Our analysis of their optical SDSS spectra allowed us to confirm both their nature and their redshifts. In addition to these BZQs, there are 47 sources out of the 84 listed in the first sample classified as BZB according to the ROMA-BZCAT but with an uncertain redshift estimate. We found that 9 of them have good SDSS spectra from which we obtained a z measurement. Unfortunately none of these 9 is detected in the γ-rays.
The remaining 34 sources out of 84 objects in the first sample are indeed classified as BL Lac candidates, 5 of them being associated to Fermi sources in the 2LAC. We confirmed the BL Lac nature for 20 of them, including all the Fermi sources and providing a new redshift estimate for 6. The remaining 14 sources were classified as: normal galaxies (8), type 2 Seyfert galaxies (5), according to the criteria described in Winkler (1992) plus 1 source having still an uncertain nature, mostly resembling a type 2 AGN.
All our results are summarized in Table 2 , where we report the ROMA-BZCAT and the SDSS names, together with the results of our analysis (i.e., classification and redshift estimates when possible) and their (u-r) colors. Blazars that are associated to Fermi sources are also indicated. Uncertain values of redshifts are indicated with a question mark (?); they are due to the poor signal to noise of few SDSS archival spectra or to the presence of only a single emission/absorption feature. Then, in Figure 2 we show the optical spectrum of one of the BL Lac classified from our analysis together with two cases of wrong classifications and a quasar.
γ-ray blazar candidates
The second sample of γ-ray blazar candidates selected according to our IR based procedures and having SDSS spectra available lists: 27 sources. Fifteen blazar-like sources were already present in the 2LAC but with uncertain classification or uncertain redshift estimates. Among them we found 7 having quasar-like optical spectra and being classified as BZQs, 2 also with new z estimates, 7 BZBs including 2 sources with measured redshifts and 1 misclassified object: SDSS J122011.88+020342.2, associated with 2FGLJ1219.7+0201 that appears to be a Seyfert galaxy rather than BZQ.
For 2FGLJ1023.6+3947, associated to the SDSS J102333.50+395312.7 source, the we obtained a redshift of 1.3328 instead of 1.254 reported in the 2LAC and for the BL Lac object SDSS J110021.05+401928.0 counterpart of 2FGLJ1100.9+4014, we were not able to find any optical feature to confirm the 2LAC redshift of 0.225. Among these 15 sources there is SDSS J222329.57+010226.6, associated to the AGN of uncertain type 2FGLJ2223.4+0104 and selected in Cowperthwaite et al. (2013) as a γ-ray blazar candidate that we confirmed as a BL Lac at unknown redshift.
The remaining 12 sources were all selected as γ-ray blazar candidates in our previous analyses of their IR colors (Massaro et al. 2012b; Massaro et al. 2013c; Massaro et al. 2013a; Paggi et al. 2013) . We found that 3 sources, all with new z estimates, out of 12 have a quasar like spectrum, similar to those of the BZQs, plus one uncertain due to noisy SDSS spectrum (i.e., SDSS J015852.77+010132.8). Then there are 4 confirmed BL Lac objects while the remaining 4 sources are indeed contaminants of the association methods (1 star and 4 Seyfert galaxies).
All these results are reported in Table 3 in the same order as discussed above, where we also indicate the previous classification of each source.
SUMMARY AND CONCLUSIONS
We performed an analysis of the archival optical spectra present in the SDSS DR9 (Ahn et al. 2012) for two selected samples of blazars and γ-ray blazar candidates to confirm their nature and whenever possible to estimate their redshifts.
First, we adopted a statical approach to find the the SDSS optical cross-matches of the sources in our sample. Then, we analyzed a first sample of 84 blazars listed in the ROMA-BZCAT as BL Lac candidates or as BL Lac objects and flat spectrum radio quasars with uncertain redshift estimates and a second sample of 27 γ-ray blazar candidates selected according to their peculiar IR colors or with uncertain classification (e.g., D 'Abrusco et al. 2013; Massaro et al. 2013c; Massaro et al. 2013d , and references therein).
On the basis of the SDSS spectra, we confirmed the redshifts for 3 flat spectrum radio quasars (all γ-ray sources detected by Fermi) and measured the z for 9 additional BL Lacs investigated. Then, we have been able to classify 34 BL Lac candidates listed in the ROMA-BZCAT, 20 of them appearing as BL Lac objects, providing new z estimates for 6 BL Lac objects. These spectroscopic information, even if available for a small fraction of the whole ROMA-BZCAT catalog will be essential to refine its future releases as well as those of the Fermi catalogs.
For the second sample listing 27 γ-ray blazar candidates we found a total of 11 BZBs (2 with new z measurements) and 11 BZQs having new redshift estimates for 2 of them. The remaining 5 sources did not appear to have the typical blazar-like optical spectrum. All our results are summarized in Table 4 .
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